Overdrive atrial pacing was employed in twelve patients with suspected supraventricular tachycardia resistant to drug therapy. Eleven of these patients reverted to sinus rhythm with pacing either immediately or after a short episode of atrial fibrillation. In one patient, recordings from the atrial electrode indicated that a broad complex tachycardia was of ventricular rather than supraventricular origin. No complications were encountered and the procedure was well tolerated in all. Overdrive pacing is suggested as a safe alternative to DC cardioversion in drug-resistant supraventricular tachycardia, particularly in the presence of digitalis, in the elderly and in patients with chronic lung disease.
the event of post-reversion bradycardia'. The method is also ideally suited to the post-open heart surgery patient with epicardial electrodes in place. 6 Overdrive pacing has been used routinely in medically refractory supraventricular tachycardia in the Coronary Care Unit at St. Vincent's Hospital for the past two years and twelve patients have been treated in this way.
MATERIALS AND METHODS A bipolar or quadripolar pacing wire (SF or 6F USCI) was inserted percutaneously using the Seldinger technique into the internal jugular vein (S patients) or femoral vein (6) under local anaesthesia. The wire was guided under fluoroscopic control to the right atrium (10) or coronary sinus (1); in one patient, temporary bipolar epicardial wires had been inserted at the time of cardiac transplantation. Atrial electrograms were obtained prior to pacing. A Medtronic S320 atrial pacing pulse generator was employed. The atrium was driven at a steadily increasing rate beginning at a rate of approximately 20 beats/min above the intrinsic atrial rate. Initial stimulus strength was 4mA and this was increased until atrial capture was achieved. Atrial 'entrainment' was assumed when there was both 1: 1 capture of the atrium and a change in the form of the atrial complexes from negative to positive polarity (best seen in the inferior leads). If entrainment was not achieved with pacing at the initial site, the wire was then repositioned at an alternate site in the atrium. Electrode position was also changed in the event of inadvertant diaphragmatic pacing. Pacing was continued for a further thirty seconds, then the pacing rate was gradually slowed.
RESULTS
Twelve male patients with a mean age of 54.8 years (range 21-65 years) were treated (Table 1) . Clinical diagnoses included: coronary artery disease (2 patients), acute myocarditis (2), mitral valve disease (2), suspected sick sinus syndrome (2), alcoholic cardiomyopathy (1), and cor pulmonale (1); three patients had undergone recent major surgery and one had a recent myocardial infarct. In all patients, supraventricular tachyarrhythmias had been provisionally diagnosed on 12-lead ECG. One patient (No. 3) had undergone direct current (DC) countershock on two occasions in the The diagnosis of atrial flutter was confirmed in 11 cases from the atrial electrogram ( Figure  1) . Successful reversion to sinus rhythm was achieved in all of these. Transient atrial fibrillation of less than two hours duration occurred in four cases before reversion to sinus rhythm.
In one patient (No. 7), who was thought to have supraventricular tachycardia with aberration, the endocardial atrial electrogram demonstrated 1: 1 atrioventricular association with atrial activation following the QRS complex ( Figure 2 ). When the atrium was paced at a rate faster than the tachycardia rate, the QRS morphology changed to the RBBB morphology seen when the patient was in sinus rhythm thus proving the tachycardia to be of ventricular origin. 7 The procedure was well tolerted in all cases and no complications occurred. In three patients, the electrode was left in place for up to 72 hours (patients 3, 4 and 8): in two cases with suspected sinus node dysfunction, the electrode was advanced to the right ventricular apex as a precaution against possible bradycardia; in the third patient, the electrode was left in the coronary sinus in case of recurrence of atrial flutter, as his antiarrhythmic therapy was suboptimal at the time of reversion and he had previously not had a satisfactory response to DC shock. DISCUSSION Atrial flutter and other supraventricular tachycardias not responding to medical therapy can be electrically converted to sinus rhythm either by DC countershock or by use of atrial pacing.
The mechanism of overdrive pacing in reentrant tachycardias is thought to be 'invasion' of a portion of the re-entrant circuit causing altered refractoriness which prevents response to the next cycle of recirculating rhythm. Successful termination of the arrhythmia depends on a number of factors as outlined by Wellens: 5 (1) the size and site of the circuit, (2) the distance between the pacing stimulus and the circuit, (3) the rate of the tachycardia and (4) the electrophysiological properties of the tissues between the pacing site and the tachycardia circuit. Therefore, if reversion is not initially achieved, varying pacing rates (up to 1500 beats/min)3 and stimulus strengths (up to 20mA)4 should be applied to multiple sites within the atrium. Atrial fibrillation may be induced during this procedure especially with high atrial pacing rates, but this is a satisfactory result as it usually converts spontaneously to sinus rhythm and should it persist the ventricular response is generally easier to control medically than in atrial flutter. 3 Although DC countershock appears to be the more widely favoured method for converting these tachycardias, its use may be hazardous in patients receiving digitalis; latent digitalis toxicity may be uncovered with precipitation of ventricular arrhythmias. 8 -1O Patients in atrial flutter often require large doses of digitalis and are therefore at special risk of this problem: all patients in this series were on digoxin and atrial pacing was safely undertaken in these. In patients with sick sinus syndrome, bradyarrhythmias may occur after reversion. These may be easily countered if there is an electrode in situ. General anaesthesia itself may be a hazard in acute myocardial infarction, following cardiac surgery, in the elderly or in patients with chronic lung disease " -problems often encountered in the intensive care ward.
A further advantage of the technique is the precise diagnosis of arrhythmias when doubt exists. Had our patient with ventricular tachycardia been treated with elective DC countershock, the diagnosis and prognostic significance of the arrhythmia would not have been realised. Furthermore, ventricular tachycardia can usually be reverted with pacing techniques such as programmed extrastimuli and overdrive pacing of the ventricles.
To maintain sinus rhythm after reversion, it is necessary to attain therapeutic levels of antiarrhythmic medication at the time of reversion. ' · '2 If a delay in achieving therapeutic levels is anticipated, the pacing wire can be left in place for several days to attempt further reversion should the tachycardia recur. However, not all atrial tachyarrhythmias are amenable to this technique: atrial fibrillation and type II atrial flutter (characterised by atrial rates greater than 340 beats/min) 6 will not respond to overdrive pacing. Paroxysmal supraventricular tachycardia will, however, usually respond to premature atrial extrastimuli as well as to atrial overdrive pacing.
Two more recent innovations have made atrial pacing even more attractive in settings where an image intensifier is not readily available. The insertion of a preformed l-shaped atrial electrode lJ ,14 via the internal jugular or subclavian vein can be performed without fluoroscopic guidance. An oesophageal approach has also been described l5 to terminate supraventricular tachyarrhythmias, allowing an easily accessible route for atrial pacing.
When using these techniques, care should be taken when commencing pacing: the pacing rate and amplitude should be slowly increased starting at a low level, to ensure that the ventricles are not being inadvertantly paced. Similar caution should be exercised when pacing from the coronary sinus as the left ventricle may be paced with an electrode that is placed too distally. In patients with the Wolff-Parkins on-White l6 syndrome, there is potential risk of heightened conduction to the ventricles with rapid atrial pacing or if atrial fibrillation is induced by pacing. The only other risks of this procedure are those of central venous cannulation.
It is concluded that atrial pacing offers a safe, effective method for routine reversion of atrial flutter, applicable in the Intensive or Coronary Care Unit, especially in patients taking digitalis and in those in whom the diagnosis of sick sinus syndrome is suspected.
